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Nitrogen: the new global challenge

Mark Sutton, Stefan Reis, Jan Willem Erisman, Klaus Butterbach-Bahl, Pierre Cellier, Wim de Vries, Claus Beier, Clare Howard and Sophie Zechmeister-Boltenstern T he nitrogen cycle is of fundamental importance for human health, ecosystem functioning and climate change. Through the large scale application of fertilizers almost halve of the human population is fed, while fossil fuel combustion, creating nitrogen oxide emissions, is the motor of the world economy.

For starters, nitrogen is a key control on the global carbon cycle. It does this by affecting plant growth and soil decomposition rates. Nitrogen also alters terrestrial and aquatic biodiversity, at the same time increasing levels of particles and ozone in the troposphere -the atmosphere we breathe. Finally, nitrogen drives other greenhouse gas fluxes and contributes to stratospheric ozone depletion.

It is therefore a matter of great concern that global cycling of reactive nitrogen (Nr) compounds is estimated to have more than doubled over the past 100 years due to human activities. These reative nitrogen compounds include nitrous oxide (N 2 O), ammonia (NH 3 ), nitrogen oxides (NO x ), nitrates (NO 3 -) and many others.

Despite this concern, much less effort has been given to quantifying the nitrogen cycle than for example the carbon cycle. The nitrogen effects are already visible and widespread, but the complexity of multiple interactions and impacts means that there is no single 'owner' of the problem.

This has not been helped by previous research efforts on Nr being widely dispersed between different communities, according to Nr forms and their impacts. For example, research on N 2 O, NO x , and NH 3 fluxes have typically been considered separately, as have studies on Nr in atmospheric chemistry and Nr impacts on ecosystems.

It is therefore a major scientific challenge to bring together these issues and provide a clear picture of the role of nitrogen in global change.

The Nitrogen Challenge

There is a clear need to integrate the different measurements to improve process understanding, and represent this in simulation models. These models need to address the many interactions with other global change drivers including practical land management decisions, and be upscaled to support European sector policies.

These challenges represent major themes of the NitroEurope Integrated Project, a five-year effort of over sixty institutes under the EU 6 th Framework Programme. While the greenhouse gas balance is the central focus of NitroEurope, the Nr interactions with biodiversity, atmospheric chemistry and water are also recognized where they occur. In this respect, NitroEurope provides a first step towards assessing the many interacting impacts of nitrogen.

A key point of integration is the recognition that climate change policy requires integrated assessment of net greenhouse gas exchange rather than just CO 2 . Apart from the obvious links between N and C cycles, NitroEurope is also estimating ecosystem nitrogen budgets. These are important because other Nr losses, such as NH 3 emissions and leaching of (NO 3 -), are indirect sources of N 2 O emissions, as considered under the IPCC methodology. The need to integrate the analysis of Nr and GHG at linked field-, farm-and landscape-scales is thus recognised by NitroEurope, including the consideration of spatial interactions with NH 3 emissions and NO 3 -leaching.

Nitrogen oxides also result in the formation of tropospheric ozone (O 3 ), the fourth most important greenhouse gas. Ozone negatively affects productivity thus causing a decrease in the CO 2 sequestration of ecosystems. Similarly, the Nr interactions with ecosystem functioning and biodiversity must be considered in order to understand the observed responses of greenhouse gases to global change drivers. Finally, the formation of particles or aerosols from NH 3 and NO x emissions are known to have a cooling effect on the climate through direct scattering of Verification of nitrogen and greenhouse gas emissions using tall towers (graphics: A. Hensen)

European maps of N 2 O emissions, NH3 emissions and Nitrate leaching -a result of up-scaling from plot to regional scale within NitroEurope (graphics W. de Vries) sunlight. All these interactions imply that Nr use has important modifying effects on global climate change. Integrating these different interactions is a gradual process for which NitroEurope represents a major step forward, leading the research agenda globally.

  

Nitrogen Research Networking Activities

The work is also supporting European networking activities. NitroEurope is contributing to the Nitrogen in Europe (NinE, http://www.nine-esf.org/) networking programme of the European Science Foundation, which is coordinating the European Nitrogen Assessment (ENA). The ENA will be the first major continental assessment of nitrogen, supporting the eventual development of a future global nitrogen assessment.

To ensure that the messages feed through to the next stage, the ENA has been established as an activity within each of the International Nitrogen Initiative (INI, http://www.ini-europe.org), the Task Force on Reactive Nitrogen (TFRN, http://www. clrtap-tfrn.org), of the UNECE Convention on Long Range Transboundary Air Pollution, and the COST Action 729 (http:// www.cost729.org). For example, the TFRN is using the information brought together to inform revision of the Gothenburg Protocol, to develop regional nitrogen budgets, and to assess the impacts of human food choice on nitrogen impacts and mitigation.

From April 11 th to 15 th 2011, a major event on N-related threats for the environment and human health will be held in Edinburgh:

The "Nitrogen and Global Change" conference will launch the European Nitrogen Assessment, include a workshop on future nitrogen polices, and report the latest science advances, including the findings of NitroEurope.

More information on this event can be found at http://www.nitrogen2011.org.

Network of measurement stations for nitrogen species across Europe: Hyytiälä, Finland (left); Auchencorth Moss, Scotland (centre); Oensingen, Switzerland (right) Project website: http://www.nitroeurope.eu